The objective of the study is assessment of the prevalence and type of hypertension in centenarians in Poland. The investigations included 92 people who had turned 100 years of age, who, within the protocol of the Project of Investigation Polish Centenarians, underwent genetic, anthropometric, psychological and sociological examinations, and whose cardiovascular system was assessed. In the present analysis, we are analysing data concerning their blood pressure (BP) assessed by several measurements (3-6) with the mercury sphygmomanometer on both arms in sitting (if possible) or lying position performed during one visit. Hypertension was diagnosed when average BP value exceeded X160/95 or X140/90 mmHg. The average of age was 101.2 years (range 100-111 years), the respective values for BP were: systolic 146.7 mmHg (99-213 mmHg), diastolic BP-80.3 mmHg (55-114 mmHg) and pulse pressure (PP) 66.4 mmHg (31-129 mmHg). Hypertension diagnosed based on the criterion X160/ 95 mmHg was found in 29% of subjects, and according to the recent WHO criterion (X140/90 mmHg) in 65% of subjects. PP exceeded 65 mmHg in 44.6%, and was above 50 mmHg in 91% subjects. In conclusion, hypertension occurs less frequently in centenarians, than in the entire population of old people, but it nevertheless cannot be considered a rare condition.
Introduction
During the past 50 years, number of people over 60 years of age doubled-from 8.3% in 1950 to 16 .2% in 1997. With advancing ageing of populations, there is also an increase in the number of centenarians. In the UK, the number of centenarians increased from 255 in 1952 to 5218 in 1996. 1 In Poland, according to the data from the Ministry of Home Affairs and Administration, there were 1951 centenarians in 1999. When health issues are concerned, centenarians seem to be healthier than the general, elderly population. Their drug consumption is low, and they are characterized by good adaptive abilities. 2 Hypertension is a commonly recognized risk factor of the atherosclerosis, and thus it correlates with the frequency of coronary disease and strokes increasing with age. High blood pressure (BP), especially its pulse component is an independent risk factor of death, in spite of age. The recent epidemiological data from the United States 3 and Canada 4 demonstrate the increase of BP with age up the eight decade of life.
The aim of the present analysis was to assess the prevalence of hypertension in a group of long-living people who turned 100 years of age.
Methods
The study is a part of the Polish Centenarians Program 'PolStu' coordinated by International Institute of Molecular and Cell Biology in Warsaw, Poland. Based on the data from the Ministry of Home Affairs and Administration, all centenarians (persons born before 31 December 1898) were eligible to be enrolled into the evaluation. Out of 1951 (data incomplete due to destruction of large numbers of original records during the WW I and WW II, and subsequent migrations) persons aged 100 years or more, 313 (16%) agreed to participate in entire Poland, the consent having been issued by the centenarians themselves or by their caregivers. We examined 93 persons (enrolled centenarian subjects living in provinces of Lodz, Lublin, Malopolska, Mazowsze, Podkarpacie, Slask, Swietokrzyskie, Wielkopolska, out of 16 provinces in Poland). The examination included 78 (84%) women and 15 (16%) men. All centenarians underwent a wide range of genetic, anthropometric, psychological, sociological and medical examinations. BP was assessed at home during one visit, based on three measurements using the Korotkoff method on both arms in sitting (if possible) or lying position in at least 1 min intervals. Values from an arm with higher readings have been used throughout the analysis. An additional BP and pulse measurement was performed after 1 min of remaining in a standing position in those centenarians who were fit enough.
Results
The general characteristics of the studied population are presented in Table 1 . The mean age of 15 men and 77 women was 101.2 years, systolic BP-146.7 mmHg and diastolic BP-80.3 mmHg. Figure 1 shows the prevalence and type of hypertension in centenarians. When hypertension is recognized as average value of all measurements X140/90 mmHg or being on treatment for hypertension, 38% of them presented with isolated systolic hypertension, 22% with systolo-diastolic hypertension, and 4% were subjects whose hypertension was controlled (BP below 140/90 mmHg on drugs). Classification of isolated systolic hypertension, and systolo-diastolic hypertension is based on current pressure values. According to less strict criterion (BP 160/95 mmHg or more), centenarians with hypertension constitute 36% of the examined population, with ISH-12% and with systolo-diastolic hypertension-12%. The average pulse pressure (PP) was 66.4718.3 mmHg. Of the studied population, 91% had pulse pressure wider than 50 mmHg, and 44% had the PP wider than 65 mmHg. Only 9% had their PP above 90 mmHg.
The type and efficacy of antihypertensive therapy have also been analysed. The group of medications which was most often used were ACE-inhibitors, used by 42% centenarians treated because of hypertension. Diuretics were used by 29% of the subjects. Other agents such as calcium channel blockers, beta-or alpha-blockers were less often used (16.6, 8.3 and 4.2%, respectively). Drug combinations were applied in 20% of the treated hypertensives ( Figure 2 ). Among centenarians with hypertension (according to criterion X140/ 90 mmHg) 67.7% were not treated, 25.8% had their BP values, above the target values, and only 6.5% had their BP controlled (Figure 3) . Corresponding data for criterion X160/95 mmHg are: 44.4%-not treated, 30.6%-without control, and 25%-controlled hypertension (Figure 3) .
The BP measurement after 1 min of remaining in a standing position was performed in 68 centenarians (73.1%). In 13 (19.1%) of them, systolic BP (SBP) dropped by 20 mmHg or more and seven of them were on antihypertensive therapy or took nitrates. The decline by 30 mmHg or more was observed in eight (11.9%) subjects. The maximum fall in SBP was 60 mmHg. 
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Discussion
We studied 93 Polish centenarians in order to assess the frequency of hypertension in this age group. The principal observation was that although the prevalence of hypertension is smaller than in younger groups of elderly people yet it is higher than in individuals aged less than 60 years. The most frequent form of hypertension observed was isolated systolic hypertension.
The results are generally in agreement with findings from other studies that enrolled centenarians of European extraction. [5] [6] [7] [8] In our group, women constituted the majority, which was also observed in a mainland Italian study (79%), 8 and a Danish study (75%). 9 In a study conducted in Sardinia the proportion of women to men was 2 to 1.
10
In contrast, a study performed in East Asian population shows higher percentage of centenarian men alive. 11 This study showed a steady increase in prevalence of hypertension with age with highest percentage of hypertensive subjects among the centenarians (39%).
In the group we studied there were only 15 men. This in our opinion precluded any meaningful gender-based stratification of the results. We found 36% studied individuals to be hypertensive. In contrast, the data from other Polish studies in people aged 80-93 years showed the prevalence of the disease to be 60.3%.
12 PP has been recognized as an important marker of cardiovascular risk. [13] [14] [15] [16] The data from Framingham Heart Study set the cutoff value at which the risk is increasing at 50 mmHg, although the population studied there was much younger. 15 In the population that we studied, the majority of centenarians (91%) had the PP above this value. On the other hand, studies in elderly people showed that the positive relationship between cardiovascular risk and level of PP is retained even in its upper range. 14 In that study, patients with PP of 90 mmHg and more had higher cardiovascular risk as exemplified by larger treatment-related benefit. The centenarians in our population had almost all stiff arteries, which is at variance with findings by Bertinieri et al, 17 who studied a group of 16 healthy centenarians whose mean PP was 60.574.3 mmHg. On the other hand, only 9% of the centenarians that we studied had their PP above 90 mmHg, which would classify centenarian population to a lower risk group according to findings by Staessen et al. 14 This could be a marker of a relative lack of an exaggerated vascular damage beyond the effect of ageing. This finding might be due to the selective survival of people with lower or normal BP values. In the examined group, the frequency of the isolated systolic hypertension did not differ from the one identified in the population of the younger elderly people. 12 The low percentage of treated hypertensives with even a lower percentage of the effectively controlled hypertension presents a typical situation observed in the younger population. On the other hand, it may result from an uncertainty about the benefit coming from the treatment of hypertension in the very old. 18, 19 Several possible weaknesses of the present study warrant a comment. Only 313 of centenarians agreed to participate in the study, and one-third of them have been examined. This is relatively low compared to response rates reported from epidemiologic studies of younger persons, although it must be remembered that it is extremely difficult to convince the very old persons to take part in such examinations, and the investigators (both of them consultants in geriatrics) made sure that no eligible participant was set amiss-all of them were examined at home. Another problem lies with the possible white-coat effect, as any stressing factor including a visit of investigators, may have a pressor effect on the bed-and-chair-ridden very old individual. This could have been overcome had the 24-h ABP measurements been performed. 17 The orthostatic reaction was on average similar to one observed in younger elderly individuals. 20, 21 Only 19% had an exaggerated response with an SBP fall of more than 20 mmHg. This can be a confirmation of its own merit that it is mostly very fit people who live up to such an old age.
In conclusion, hypertension occurs less frequently in centenarians than in the entire population of old people, but it cannot be considered an incidental phenomenon. Isolated systolic hypertension constitutes the most frequent form of hypertension, which can be attributed to increased stiffness of large arteries.
